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Introduction
To date, the majority of German statutory health insurance companies reimburse homeopathy within the context of integrated care contracts [1] . Homeopathy consists of an extensive consultation and the prescription of homeopathic medicines. These homeopathic medicines are often diluted up to a concentration to which no molecule of the original substance can be found [2] and there is no valid scientific explanation for the mechanism of action of these diluted homeopathic medicines [2, 3] . Because of this, critical voices are rising arguing that spending money on homeopathic treatments is a waste of money in times of limited resources for health care [4, 5] . Furthermore, they see the reimbursement of homeopathic treatments statutory health insurance companies as an indirect legitimation of a non-scientific concept [5, 6] . Yet, supporters of homeopathic treatment argue that individually prescribed homeopathic medicines are superior to placebo and quote respective meta-analyses [7] , while critics quote those meta-analyses that come to the opposite conclusions [8] .
Others explain the benefits by the fact that a homeopathic treatment consists of both the prescription of homeopathic medicines and a time-extensive consultation which allows to care more intensively for patients' needs [9, 10] . That homeopathic physicians take more time to treat their patients might at least partly explain the huge interest of patients in homeopathy and their demand for homeopathic treatments [11, 12] .
The integrated care contract 'homeopathy', this analysis is based on, is optional for both patients and physicians. Patients can subscribe to the integrated care contract at any time. Patients in the integrated care contract 'homeopathy' can receive homeopathic treatment in addition to usual care. Under the integrated care contract, the cost of the homeopathic treatment is covered by the patient's insurance company; the patient receives the homeopathic treatment for free and the physician receives additional reimbursement. The evidence from economic evaluations of homeopathy is inconclusive: whereas some studies have shown that it offers cost-saving potential [13] [14] [15] , other evaluations have shown it to be either more expensive [16] [17] [18] or to have similar costs [19] as usual care. A recent review by Viksveen concluded that the methodologies used in current studies are often weak and that it is therefore impossible to derive unequivocal conclusions from cost evaluations of homeopathy [20] . Our previous analyses of the integrated care contract 'homeopathy' showed that the cumulative costs of patients using homeopathic treatment in addition to usual care over an 18-month period were higher than the costs of patients using only usual care. However, the costs incurred by the two groups seemed to converge towards the end of the observation period [21] This finding emphasized the need for further analyses based on a longer observation period.
Therefore, the aim of the current study was to compare the health care costs of patients using homeopathic treatment in addition to usual care with the costs of patients using only usual care over a period of 33 months.
Methods

Study design and participants
We included male and female insureds with no age constraints. Patients were labelled as homeopathy patients if they subscribed to the integrated care contract homeopathy in 2011, regardless of whether they used homeopathy during the study. Subscription to the integrated care contract implied that the homeopathy patients had visited a physician in the first three months of the observational period. To level out a possible discrepancy in health care resource consumption between homeopathy patients and controls, control patients had to have visited a physician during the first three months of the study period. Moreover, control patients had to meet the following additional inclusion criteria: they did not subscribe to the integrated care contract homeopathy during the study, they were continuously insured by the health insurance company, and they were successfully matched with a homeopathy patient using propensity scores. For more details on the selection of patients, see Ostermann et al. [21] . In the longterm analysis discussed here, we followed up with patients from the previous analysis. However, patients who left the statutory health insurance company prior to 18 months (i.e., before the end of the previous study) were excluded from the analyses. In addition to analysing the health care costs of all patients, independently from a specific diagnosis, we also subdivided patients into the following physician-confirmed diagnosis-groups: depression (ICD-10 F32), migraine (G43), allergic rhinitis (J30), allergic asthma (J45), atopic dermatitis (L20), and tension headache (R51). Cost analysis of these subgroups was not limited to the specific costs associated with the disease.
We followed the guidelines for secondary data analyses. De-identified health claims data were provided by the statutory health insurance company. We had no key for de-identifying the data. This study was approved by the Ethics Committee of the Charité -Universitätsmedi-zin Berlin (EA2/121/12).
Propensity score matching
Because subscription to the integrated care contract homeopathy was open to all insureds of the statutory health insurance company, we conducted an observational analysis. To balance baseline characteristics and minimize selection bias of patients between groups, homeopathy and control patients were matched 1:1 using propensity scores [22] . For patients in both groups, propensity scores for the outcome 'user of the integrated care contract' (yes/no) were calculated. Propensity scores were computed using the following covariates: sex (male/female), age (continuous), comorbidities (disease present, yes/no), cumulative different unit costs one year prior to the study period (continuous), length of stay in a hospital (continuous), days of sick leave (continuous) and statutory sick pay costs (continuous), duration of outpatient rehabilitation (continuous), level of care intensity ('1', '2', '3' or '3 plus'), disease-managementprogram participation (yes/no), usage of GP-centred care (yes/no) and population density (inhabitants per square kilometre, continuous). A caliper width of 0.25 of the standard deviation of the logit of the propensity score was applied to match control patients to homeopathy patients. As seasonal effects could bias patients' characteristics and costs, the matching process was performed separately for each quarter of the year 2011. For homeopathy patients, the index date of the observational period was their subscription date to the integrated care contract. Cumulative costs one year prior to the study period were therefore calculated from the index date over a period of 12 months. For the control patients, the index date of the matched homeopathy patients, which was required for the calculation of the propensity score, was known only after the matching process was completed. To overcome this obstacle, the index date for the controls was specified as the middle of the quarter of the respective matching process. For each of the four matching groups, health claims data were analysed for a total of 45 months, including 12 months before and 33 months after the respective index date. Data were therefore analysed from January 2010 to September 2014.
Economic analysis
Health care costs were analysed from the societal perspective across diagnoses (primary analysis) and between diagnoses (secondary analysis). Additionally, costs were analysed from the perspective of the statutory health insurance company. To factor in the productivity loss from the societal perspective, we adopted the human capital approach with a daily mean gross income of EUR 239.20 and a cut-off period of six weeks [23] . A cut-off period of six weeks was used because, in Germany, the employer continues to pay the employee's salary in case of illness up to six weeks. Statutory sick pay from the statutory health insurance is paid only after six weeks. Costs were not discounted. Negative costs in the dataset that could have arisen due to accounting reasons from previous reimbursement periods were set at zero to avoid interpretation issues. To monitor the source of costs for outpatient care, outpatient costs were divided into costs generated by homeopathic physicians who participated in the integrated care contract homeopathy and other physicians. Controls could consult homeopathic physicians; however, they could only do so outside the framework of the integrated care contract.
Statistical analysis
For the primary endpoint, cumulative health care costs were analysed from a societal perspective across diagnoses and between groups after 33 months. We performed an analysis of covariance (ANCOVA), controlling for each group's respective baseline costs (cumulative costs from month -12 until month 0). Total costs consisted of outpatient care costs (generated by homeopathic physicians and by other physicians), medication costs, productivity losses, costs of the integrated care contract, inpatient costs and other costs. Total costs and single cost types were added for the period of 12 months before the start of the observational period (month -12 to month 0) and for the subsequent 33 months. Costs incurred after the start of the observational period were divided into three-month intervals (months 1-3, 4-6, 7-9, 10-12, 13-15, 16-18, 19-21, 22-24, 25-27, 28-30, 31-33). Costs were compared between groups and between diagnoses using ANCOVAs, with the respective baseline cost values as the covariates. To assess how the cumulative total costs developed over time, cost progression over the observation period was analysed between groups and across diagnoses, from both the societal and statutory health insurance perspectives. The test for the primary end point was two-sided with a significance level of 0.05. All other tests were exploratory and were two-sided with a significance level of 0.05. SAS software version 9.3 (SAS Institute Inc., Cary, U.S.) was used for participant matching. The analyses were computed following a pre-specified statistical analysis plan and using R version 3.1.0 [24] .
Results
Out of all 22,275 patients per group from the previous study, 336 patients (1.5%) from the homeopathy group and 414 patients (1.9%) from the control group left the statutory health insurance company. Therefore, 21,939 patients (67.4% female) in the homeopathy group and 21,861 patients (67.2% female) in the control group could be analysed. The sample was quite comparable in terms of baseline characteristics (Table 1) .
Costs from month -12 to month 0 were comparable between homeopathy patients and controls ( Across all diagnoses, costs for homeopathy patients were higher than costs for control patients over the period of 33 months. The range of costs varied greatly across diagnoses, with the highest costs being generated by patients with depression (homeopathy (n = 3,033), EUR 25,107 [95% CI 24,131-26,083]; controls (n = 3,018), EUR 21,892 [20, 870 ], p<0.0001), and the lowest costs generated by patients with atopic dermatitis (homeopathy (n = 1,456) EUR 7,425 [6, 955] ; controls (n = 1,460), EUR 6,123 [5, 653 ], p = 0.001). However, this difference among groups was not always statistically significant (Table 3 ).
The number of homeopathy patients who generated costs under the integrated care contract during months 1-3 was 100% (n = 21,928). During months 4-6 the number of patients generating costs dropped to 56% (n = 12,331). At the end of our previous study, in months 16-18, only 26% (n = 5,782) of the homeopathy patients still generated costs under the integrated care contract. Five months later, during months 31-33 (the end of our current study), this number continued to drop to 20% (n = 4,326).
Total costs from the societal perspective were two times higher than total costs from the statutory health insurance perspective (homeopathy EUR 6,507 [6, ,841]; controls EUR 5,199 [4,865-5,534], p<0.0001), with similar cost progression in both groups. Higher costs from the societal perspective were mainly driven by indirect costs, i.e., productivity loss. The costs from the statutory health insurance perspective, due to patients' inability to work and statutory sick pay, accounted for approximately 10% of productivity loss. The greatest cost difference was observed in months 1 to 3, which coincides with the beginning of the integrated care contract and with adjusted mean costs of EUR 115 [115-115] (from both perspectives) in the homeopathic group. After month three the cost difference between the groups decreased. However, a cost difference between the groups persisted beyond month 18 -the end of the previous study-and continued until the end of this study's observation time, i.e., month 33 (Fig  1) . The cost difference between the groups from month 18 until month 33 remained relatively steady. The cost progressions within the specific diagnoses were generally similar to the cost progressions across diagnoses. Greater variations in the data were due to smaller numbers of subjects. The cost progression of patients with headache (n = 1894) is an exception. A deeper analysis of headache patients revealed that a cost difference persisted only from months 1 to 12. After month twelve, no difference in costs between the groups could be observed (Fig 2) .
Discussion
Key results
A comparison of adjusted health care costs showed that the total costs and unit costs of patients using homeopathy after 33 months of observation under the integrated care contract were higher than the costs for patients not using homeopathy. Cost differences between these two groups persisted throughout the observation period, from month 0 until month 33. Cost differences between groups decreased from month 0 until month 18. From month 18 until month 33, the cost progression of both groups ran almost parallel, although at different levels.
Strengths and limitations
A strength of the current analysis is the large sample size. Using health claims data from a large statutory health insurance company allowed us to analyse 43,800 insureds over a period of nearly four years. Additionally, our main result, that the costs of homeopathy patients were higher than the costs of controls, remains constant across all sub-diagnoses and between the statutory health insurance and societal perspectives. This strengthens our confidence in our results. Moreover, the data were not restricted to a specific geographic area because the statutory health insurance company has clients throughout Germany. However, using data from only one statutory health insurance company limits the generalizability of the results. Clients of this statutory health insurance tend to be higher earners and better educated than clients using other German statutory health insurance companies. Using the propensity-score matching approach, we were able to generate good comparability between the groups but only in terms of the specific variables that influenced the propensity score. A limitation of this study is that it only analysed costs. Therefore, it is not possible to make conclusions about the outcomes of the integrated care contract. As every client of the statutory health insurance could potentially participate in the integrated care contract, a prospective randomized controlled study design was not possible. Therefore, an observational study design was used instead, which could have resulted in selection bias regarding the patients. Using the propensity score approach, we could only control for variables that were available in the health claims data. As we did not have information about such variables as social status or health consciousness, we cannot rule out the possibility that the groups were dissimilar in these characteristics. The homeopathic physicians who took part in the integrated care contract were both conventionally and homoeopathically trained and could provide both types of treatment within the health insurance system. The health claims data did not include any information about the type of treatment that generated common outpatient costs. Therefore, we were unaware which type of treatment, homeopathy or conventional medicine, the homeopathic physician offered to homeopathy patients or controls, apart from the specifications of the integrated care contract.
Interpretation
Long-term analyses of studies are important because many studies have only a short-term observational period despite the fact that some consequences of health interventions might only be detectable long-term. In an observational study examining the effects and costs of homeopathic treatment in children with atopic eczema, homeopathic treatment was not superior to conventional treatment, but it was associated with higher costs after 12 months [17] . A follow-up analysis of the patients over 36 months showed that outcomes for homeopathy patients were not superior to outcomes for conventionally treated patients and that costs for homeopathy patients were still twice as high as costs for conventionally treated patients [18] . Our previously published short-term economic evaluation of the homeopathy integrated care contract showed that adjusted total costs were higher in the homeopathy group compared to the usual care group [21] . However, this cost difference seemed to decrease by month 18, the end of the observational study period [21] . To better understand these developments over time, we decided to lengthen the observation period. This longer study showed that even after 33 months a relevant cost difference persisted. Health claims data make it possible to perform long-term analyses with relative ease, as the data are already collected for administrative purposes. Compared to collecting and analysing primary data, re-analysing secondary data is economical in terms of both time and money. We do not have data on the number of patients in the homeopathy group who remained subscribed to the integrated care contract for 33 months. However, the data do reveal the number of patients who generated costs during each three-month interval under the integrated care contract. The number of patients in the homeopathy group who generated costs under the integrated care contract decreased rapidly from the start of the observation period until months 4-6 and continued to drop until the end of the observation period, at which point only a fifth of the homeopathy patients were still generating costs under the integrated care contract. The total costs generated at the end of our previous study might therefore not be attributable entirely to the integrated care contract. The long-term cost difference might be attributable to the higher health consciousness of patients who voluntarily subscribe to an integrated care contract compared to control patients. As discussed previously, a visit to a homeopathic physician, especially the initial contact between physician and patient, could generate an extensive period of physician-patient communication. This might initiate further treatments and consultations with additional physicians [21] . In our short-term observation period, a comparable number of patients in each group had a mental diagnosis at baseline. However, at month 1-3, 8,660 (38.9%) more mental illnesses had been diagnosed in the homeopathy group compared to the control group. As mental illnesses are chronic conditions, treatment should continue over a long period of time. Therefore, contact with health services-and associated costs-could increase among these patients [25] [26] [27] . This might partially explain the cost difference between the groups over 33 months.
Conclusion
These long-term cost analyses have produced similar results to previous short-term analyses. After nearly three years, the costs of patients who received homeopathy in addition to usual care were still higher than the costs of patients receiving only standard care.
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